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(54) ELECTRIC FOUR-WHEEL DRIVE DEVICE FOR VEHICLE 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide an electric four-wheel drive 
device capable of suppressing a roll-back and providing the starting 
performance of a low |i slope road. 

SOLUTION: A front wheel axle 24 is driven by an engine 20, and a 
rear wheel axle 34 is driven by a motor 30. A GCU 60 drives the 
motor with output signals from rotating sensors 56 and 58 when the 
roll-back state of a vehicle is detected so as to suppress the roll- 
back state. In addition, the GCU 60 drives the motor with the output 
signals from the rotating sensors 56 and 58 when the roll-back 
state is detected on the low |i slope road when the roll-back state 
of the vehicle is detected on a low u. slope road while the vehicle 
cause a spinning so as to suppress the roll-back state in order to 
assure the staring performance of the low u. slope road. 
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CLAIMS 



[Claim(s)] 

[Claim 1]An electric four-wheelp-drive device for vehicles characterized by comprising the following. 
The 1st axle driven with an engine. 

A control means which drives the above-mentioned electric motor and controls a rollback state in an electric four- 
wheelp-drive device for vehicles which carries out drive controlling of the four-wheelp-drive vehicles which have 
the 2nd axle driven with an electric motor when a rollback state of the above-mentioned vehicles is detected. 

[Claim 2]While driving with the above-mentioned engine, in the electric four-wheelp-drive device for vehicles 
according to claim 1, equip the above-mentioned electric motor with a dynamo which supplies electric power, and 
the above-mentioned control means, An electric four-wheelp-drive device for vehicles controlling output voltage of 
the above-mentioned dynamo and controlling a rollback state if a rollback state is detected. 

[Claim 3]An electric four-wheelp-drive device for vehicles, wherein the above-mentioned control means detects a 
rollback state in the electric four-wheelp-drive device for vehicles according to claim 1 when vehicles retreat in 
spite of transmitting engine driving force to the 1st axle of the above. 

[Claim 4]An electric four-wheelp-drive device for vehicles, wherein it has a rotation sensor which detects a hand of 
cut of the above-mentioned axle in the electric four-wheelp-drive device for vehicles according to claim 3 and the 
above-mentioned control means detects that vehicles are retreating with an output signal of the above-mentioned 
rotation sensor. 

[Claim 5]In the electric four-wheelp-drive device for vehicles according to claim 3, the above-mentioned control 
means, In an automatic transmission vehicle, In [ detect that engine driving force is transmitted to the 1st axle when 
a shift position is a drive range, and ] a manual transmission vehicle, An electric four-wheelp-drive device for 
vehicles which a shift position is an advance position and is characterized by detecting that engine driving force is 
transmitted to the 1st axle by connecting a clutch. 

[Claim 6]An electric four-wheelp-drive device for vehicles characterized by comprising the following. 
The 1st axle driven with an engine. 

A control means which drives the above-mentioned electric motor and controls a rollback state in an electric four- 
wheelp-drive device for vehicles which carries out drive controlling of the four-wheelp-drive vehicles which have 
the 2nd axle driven with an electric motor when a rollback state in a low mu road slope of the above-mentioned 
vehicles is detected. 

[Claim 7]While driving with the above-mentioned engine, in the electric four-wheelp-drive device for vehicles 
according to claim 6, equip the above-mentioned electric motor with a dynamo which supplies electric power, and 
the above-mentioned control means, An electric four-wheelp-drive device for vehicles controlling output voltage of 
the above-mentioned dynamo and controlling a rollback state if a rollback state in a low mu road slope is detected. 
[Claim 8]In the electric four-wheelp-drive device for vehicles according to claim 6, the above-mentioned control 
means, An electric four-wheelp-drive device for vehicles detecting a rollback state in a low mu road slope when a 
wheel of the 1st axle of the above has started spin while vehicles retreat, in spite of transmitting engine driving 
force to the 1st axle of the above. 

[Claim 9]In the electric four-wheelp-drive device for vehicles according to claim 8, have a rotation sensor which 
detects revolving speed of the above-mentioned axle, and the above-mentioned control means. An electric four- 
wheelp-drive device for vehicles characterized by detecting having started spin according to number of rotations of 
the 1st axle of the above being larger than number of rotations of the 2nd axle with an output signal of the above- 
mentioned rotation sensor. 

[Claim 10]In the electric four-wheelp-drive device for vehicles according to claim 6, have a rotation sensor which 
detects revolving speed of the 2nd axle of the above, and the above-mentioned control means, An electric four- 
wheelp-drive device for vehicles controlling to suppress an output of the above-mentioned electric motor while 
detecting a slip condition of the 2nd axle, when revolving speed changed from a history of revolving speed of the 
2nd axle rapidly. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the electric four-wheelp-drive device for vehicles which drives four 

flowers of vehicles using an engine and an electric motor. 

[0002] 

[Description of the Prior Art]As a conventional four-wheel drive car, the mechanical four-wheel drive car driven 
with the driving force from an engine four flowers is known. By using all four flowers of vehicles as a driving wheel, 
the performance traverse in low mu roads, such as a bad bad road of the state of a road surface and a snowy road, 
can be raised. However, since the mechanical four-wheel drive car cannot do a two-wheel -drive vehicle and a under 
carriage in common, the electric four-wheelp-drive system which has independently an axle driven with an engine 
and an axle driven with an electric motor is proposed, for example as indicated to JP.7-231 508.A. 
[0003] 

[Problem(s) to be Solved by the Invention]However, in the system indicated to conventional JP.7-231 508.A, when 
departing on a slope, the phenomenon (a "rollback" is called hereafter) in which vehicles retreat depending on the 
inclination of a slope may occur, and there was a problem that a driver sensed an awful feeling to a sudden retreat. 
[0004]In the system indicated to conventional JP.7-231 508,A, when departing on a low mu road slope like the slope 
covered with snow, the axle driven with an engine may slip and there was a problem that the start performance in a 
low mu road slope was not obtained. 

[0005]The 1st purpose of this invention is to provide the electric four-wheelp-drive device for vehicles which can 
suppress a rollback phenomenon. 

[0006]The 2nd purpose of this invention is to provide the electric four-wheelp-drive device for vehicles with which 

the start performance in a low mu road slope is obtained. 

[0007] 

[Means for Solving the Problem](1) In order to attain the 1st purpose of the above, this invention, In an electric 
four-wheelp-drive device for vehicles which carries out drive controlling of the four-wheelp-drive vehicles which 
have the 1st axle driven with an engine, and the 2nd axle driven with an electric motor, When a rollback state of the 
above-mentioned vehicles is detected, it has a control means which drives the above-mentioned electric motor and 
controls a rollback state. By this composition, a rollback phenomenon can be suppressed in an electric four-wheel 
drive car. 

[0008](2) In the above (1), preferably, while driving with the above-mentioned engine, the above-mentioned electric 
motor is equipped with a dynamo which supplies electric power, and if a rollback state is detected, the above- 
mentioned control means will control output voltage of the above-mentioned dynamo, and will control a rollback 
state. 

[0009](3) In the above (1), preferably, in spite of transmitting engine driving force to the 1st axle of the above, the 
above-mentioned control means detects a rollback state, when vehicles retreat. 

[0010](4) In the above (3), it has preferably a rotation sensor which detects a hand of cut of the above-mentioned 
axle, and the above-mentioned control means detects that vehicles are retreating with an output signal of the 
above-mentioned rotation sensor. 

[001 1](5) In the above (3), preferably the above-mentioned control means, In an automatic transmission vehicle, In 
[ detect that engine driving force is transmitted to the 1st axle when a shift position is a drive range, and ] a manual 
transmission vehicle, A shift position is an advance position and it detects that engine driving force is transmitted to 
the 1st axle by connecting a clutch. 

[0012](6) In order to attain the 2nd purpose of the above, this invention, In an electric four-wheelp-drive device for 
vehicles which carries out drive controlling of the four-wheelp-drive vehicles which have the 1st axle driven with an 
engine, and the 2nd axle driven with an electric motor, When a rollback state in a low mu road slope of the above- 
mentioned vehicles is detected, it has a control means which drives the above-mentioned electric motor and 
controls a rollback state. By this composition, start performance in a low mu road slope is obtained in an electric 
four-wheel drive car. 

[0013](7) While driving with the above-mentioned engine, in the above (6), equip the above-mentioned electric motor 
with a dynamo which supplies electric power preferably, and the above-mentioned control means. If a rollback state 
in a low mu road slope is detected, output voltage of the above-mentioned dynamo will be controlled and a rollback 
state will be controlled. 
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[0014](8) In the above (6), preferably the above-mentioned control means, In spite of transmitting engine driving 
force to the 1st axle of the above, while vehicles retreat, when a wheel of the 1st axle of the above has started 
spin, a rollback state in a low mu road slope is detected. 

[0015](9) In the above (8), have preferably a rotation sensor which detects revolving speed of the above-mentioned 
axle, and the above-mentioned control means, An output signal of the above-mentioned rotation sensor detects 
having started spin according to number of rotations of the 1st axle of the above being larger than number of 
rotations of the 2nd axle. 

[0016](10) In the above (6), have preferably a rotation sensor which detects revolving speed of the 2nd axle of the 
above, and the above-mentioned control means, When revolving speed changed from a history of revolving speed of 
the 2nd axle rapidly, while detecting a slip condition of the 2nd axle, it is made to control to suppress an output of 
the above-mentioned electric motor. 
[0017] 

[Embodiment of the Invention]Hereafter, the composition and operation of the electric four-wheelp-drive device for 
vehicles by one embodiment of this invention are explained using drawing 1 - drawing 9 . First, drawing 1 is used and 
the entire configuration of the four-wheelp-drive vehicles using the electric four-wheelp-drive device for vehicles 
by this embodiment is explained. It is a system configuration figure showing the entire configuration of the four- 
wheelp-drive vehicles using the electric four-wheelp-drive device for vehicles by one embodiment of this invention 
using drawing 1 . 

[0018]The four-wheelp-drive vehicles 10 are provided with the engine 20 and the direct current motor 30. Via the 
transmission 22 and the 1st axle 24A and 24B, the driving force of the engine 20 is transmitted to the front wheels 
26A and 26B, and drives the front wheels 26A and 26B. Via the clutch 32, the differential gear 33, and the 2nd axle 
34A and 34B, the driving force of the direct current motor 30 is transmitted to the rear wheels 36A and 36B, and 
drives the rear wheels 36A and 36B. If the differential gear 33 and the clutch 32 are connected, the torque of the 
direct current motor 30 will be told to the rear wheel shafts 34A and 34B via the clutch 32 and the differential gear 
33, and will drive the rear wheels 36A and 36B. If the clutch 32 separates, the direct current motor 30 will be 
mechanically separated from the rear wheel 36A andB [ 36 ] side, and the rear wheels 36A and 36B will not tell 
driving force to a road surface. The DC shunt-wound motor with an easy change or separate excitation direct 
current motor of the normal rotation inversion is used for the direct current motor 30, for example. 
[001 9]Although the above explanation explains as four-wheelp-drive vehicles which drive the front wheels 26A and 
26B with the engine 20, and drive the rear wheels 36A and 36B with the direct current motor 30, A front wheel is 
driven with a direct current motor, and it may be made to drive a rear wheel with an engine, and can apply also to a 
pulling vehicle like vehicles of six or more flowers like a track, and a trailer. 

[0020]In an engine room, the dynamo 40 for auxiliary machinery (ALT1) and the accessory battery 42 which perform 
the usual charge power generation system are arranged, and the output of the dynamo 40 for auxiliary machinery by 
which belt driving is carried out with the engine 20 is accumulated in the accessory battery 42. Near the dynamo 40 
for auxiliary machinery, the high-output dynamo 44 for a drive (ALT2) by which belt driving is carried out with the 
engine 20 is allocated. The direct current motor 30 drives with the output of the high-output dynamo 44 for a drive. 
The dynamo 40 for auxiliary machinery is a common dynamo (12V and about 2 kW), for example, and the high-output 
dynamo 44 for a drive is a dynamo with which high power is obtained compared with the dynamo 40 for auxiliary 
machinery, for example, is a dynamo (36V and about 6 kW). 

[002 l]The output of the engine 20 is controlled by the electronically controlled throttle 52 driven by the instructions 
from the engine control unit (ECU) 50. The accelerator opening sensors 54 are formed in the electronically 
controlled throttle 52, and an accelerator opening is detected to it. When using the accelerator pedal and throttle of 
MEKARINKU instead of an electronically controlled throttle, accelerator opening sensors can be formed in an 
accelerator pedal. ECU50 controls the transmission 22. The transmission 22 is an automatic transmission, and 
automatic control is carried out so that it may become gear ratio with the selected select lever 23. The position of 
the select lever 23 is detected by the gear position detection sensor 25. Manual transmission may be used as the 
transmission 22. 

[0022]With the brakes 28A, 28B, 38A, and 38B provided in each wheel of the front wheels 26A and 26B and the rear 
wheels 36A and 36B. The anti-lock brake (ABS) actuators 29A. 29B, 39A, and 39B controlled by the anti-lock brake 
(ABS) control unit 55 are formed. The rotation sensors 56A, 56B, 58A, and 58B which detect revolving speed and a 
hand of cut are formed in each wheel of the front wheels 26A and 26B and the rear wheels 36A and 36B. Although 
the rotation sensors 56A, 56B, 58A, and 58B are formed for every wheel, they may be arranged on both a knuckle 
spindle, and both [ one side or ]. 

[0023]The generator output voltage control circuit (GCU) 60 for a drive, With the revolving speed of the wheels 26A, 
26B, 36A, and 36B and the information on a hand of cut, and the accelerator opening sensors 54 which were 
detected by the rotation sensors 56A, 56B, 58A, and 58B. The run state of vehicles is judged based on the 
information on the detected accelerator opening, the information on the gear position detected by the gear position 
detection sensor 25, etc., and the high-output dynamo 44 for a drive and the direct current motor 30 are controlled 
based on this judgment. The details of control by GCU60 are later mentioned using drawing 3 . 
[0024]Next the composition of the electric four-wheelp-drive device for vehicles by this embodiment is explained 
using drawing 2 . Drawing 2 is a block diagram showing the composition of the electric four-wheelp-drive device for 
vehicles by one embodiment of this invention, and shows the electric power supply and the example of circuitry of 
control relationship. Drawing 1 and identical codes show identical parts. In the connection during the block in a 



http://www4jpdljnpit.gojp/cgi-bin/tran.web_cgLeJ 2008/04/1 1 



■ 



JP.2001-239853.A [DETAILED DESCRIPTION] 



3/6 ^— V 



figure, the solid line shows connection of the electric power supply, and the dashed line shows connection of control 
relationship. 

[0025]In the generator output voltage control circuit (GCU) 60 for a drive. With the revolving speed of the wheels 
26A, 26B, 36A, and 36B and the information on a hand of cut, and the accelerator opening sensors 54 which were 
detected by the rotation sensors 56A, 56B, 58A, and 58B. The information on the detected accelerator opening and 
the information on the gear position detected by the gear position detection sensor 25 input. 

[0026]GCU60 controls the direct current motor 30 by controlling the output voltage of the high-output dynamo 44 
based on these information by outputting the command value of output voltage to the high-output dynamo 44 for a 
drive (ALT2). He is trying for GCU60 to improve the fall of the response by trying to control the direct current 
motor 30 directly, and controlling the direct current motor 30 by the high-output dynamo 44 by controlling the field 
current sent through the field winding 31 of the direct current motor 30. 

[0027]The generator output voltage control circuit (GCU) 60 for a drive is provided with the following. 
I/O circuit 61. 
A/D converter 62. 
Microprocessor (MPU) 63. 

The I/O circuit 64, H bridge driver 65, and the H bridged circuit 66. 

The gear position information detected by the gear position detection sensor 25 is incorporated into MPU63 via the 
I/O circuit 61. The revolving speed of the wheels 26A, 26B, 36A, and 36B detected by the rotation sensors 56A, 
56B, 58A, and 58B and the information on a hand of cut, and the information on the accelerator opening detected by 
the accelerator opening sensors 54 are incorporated into MPU63 via A/D converter 62. MPU63 is provided with 
CPU and the memory holding the program and data for dynamo-electric machines and control, Based on the 
inputted information, the run state of vehicles is distinguished, the output voltage value of the high-output dynamo 
44 for a drive is computed, the high-output dynamo 44 for a drive (ALT2) is supplied from the I/O circuit 64, and 
the output voltage value to generate is controlled. MPU63 adjusts the field current sent through the field winding 31 
of the direct current motor 30 in the H bridged circuit 66 via the I/O circuit 64 and H bridge driver 65 so that the 
characteristic of the direct current motor 30 may suit desired value. When vehicles retreat, from the H bridged 
circuit 66, normal rotation is sending field current for reverse, and the same retreat driving force as the time of 
vehicles advance is obtained. MPU63 generates the intermittent ringing of the clutch 32 and supplies it to the clutch 
32 from the I/O circuit 64. 

[0028]Although each sensor signal is directly inputted into the generator output voltage control circuit 60 for a drive 
in the above explanation, It may be made to receive via the LAN (CAN) bus in a control unit (for example, ECU50 
and ABS control unit 55) empty vehicle of the others which are having the amount of sensors mounted. 
[0029]The battery 42 for auxiliary machinery is a battery for 12V, and constitutes the usual charge and discharge 
system among the various electric loads to the dynamo 40 for auxiliary machinery, and 12V power supply. The field 
side power source of the direct current motor 30 and the high-output dynamo 44 for a drive is supplied from the 
dynamo 40 for auxiliary machinery, and the battery 42 for auxiliary machinery. By having established two electrical 
power systems, it is supposed by two kinds of methods, the method of controlling the field current of the high- 
output dynamo 44 for a drive, and the method of controlling the field current of the direct current motor 30, that it 
is controllable. For example, when the required rotating speed of the electric motors at the time of vehicles start up, 
etc. is low and necessary torque is high, an electric motor serves as an output of low rotation and high torque by 
setting the output current value of the high-output dynamo 44 for a drive as the value which becomes large. 
Supposing the required rotating speed of an electric motor is high and necessary torque is low at the time of vehicle 
running, correspondence will become possible by setting output ******** of the high-output dynamo 44 for a drive 
as the value which becomes large. The number of rotations of an electric motor can be made high, improving the 
response at the time of vehicle running by lowering the field current of the direct current motor 30. 
[0030]By connecting the power source line of the clutch 32 to the battery 42 for auxiliary machinery, and controlling 
intermittence of the clutch 32 by MPU63, Without generating capacity being dependent on the generating capacity 
of the high-output dynamo 44 for a drive which always changes, when there is no four-wheelp-drive function of 
necessity, the mechanical connection to the rear wheels 36A and 36B and the direct current motor 30 can be 
separated compulsorily. For example, compared with the system which operates in all the vehicle speed fields, the 
brush abrasion loss of the direct current motor 30 can be reduced by turning OFF the clutch 32, if the vehicle 
speed will be 20 km/h. and considering it as the drive system of only a front wheel. Since it is lost that the rear 
wheels 36A and 36B turn into a coupled driving wheel which does not generate driving force where the clutch 32 is 
separated, and the rear wheels 36A and 36B slip, The output signal of the rotation sensors 58A and 58B installed in 
the rear wheels 36A and 36B will be linked with the vehicle speed of the vehicles 10. 

[0031]Next the control method for control of the rollback phenomenon using the electric four-wheelp-drive device 
for vehicles by this embodiment is explained using drawing 3 - drawing 6 . Drawing 3 is a system block figure of the 
control system for control of the rollback phenomenon using the electric four-wheelp-drive device for vehicles by 
one embodiment of this invention, and drawing 4 - drawing 6 , It is an explanatory view of the control action at the 
time of control of the rollback phenomenon using the electric four-wheelp-drive device for vehicles by one 
embodiment of this invention. In drawing 3 , drawing 1 and drawing 2 . and identical codes show identical parts. 
[0032]As shown in drawing 3 . use as the front wheel 26 the wheel driven via the transmission 22 with the driving 
force of the engine 20, for example, and let the wheel driven with the direct current motor 30 be the rear wheel 36. 
[0033]Here, the control processing contents of GCU60 are explained. In Step s10, GCU60 distinguishes the present 
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vehicle running condition based on the gear position information inputted from the hand of cut, the speed, and the 
gear position detector 25 of an axle before and after inputting from the rotation sensors 56A, 56B, 58A, and 58B. 
[0034]Here, distinction of a vehicle running condition is explained using drawing 4 or subsequent ones. Drawing 4 
shows the state where vehicles are standing it still by the brake. 

[0035]The order ring has stopped the driving state and driving force is not transmitted to an order ring from an 
engine and an electric motor. Therefore, the revolving speed of an order ring is 0. The sum of the value which 
squared the coefficient of static friction mu of a wheel and a road surface to the drag Wf of the load concerning an 
order ring and Wr has generated the traction generated to an order ring. The state where the retreat power (the 
mass of vehicles will be set to M-g-sintheta if the angle of gradient of M and a slope is set to theta and 
gravitational acceleration is set to g) concerning this traction and the center of gravity of vehicles hangs and suits is 
in a stopping [ vehicles ] state. Therefore, since the revolving speed of an axle before and after inputting from the 
rotation sensors 56A, 56B, 58A, and 58B is 0, it can distinguish that vehicles are in a state of rest 
[0036] Drawing 5 shows what is called a rollback state where vehicles retreat. Although the driving force which an 
engine generates is given to the front wheel, when the driving force is small, vehicles retreat. As for the driving 
state, the driving force from an engine is transmitted to the front wheel, and the creep torque which will be 
generated by the time a driver takes off a brake and this state steps on an accelerator pedal is given. Driving force 
is not transmitted to a rear wheel from an electric motor. At this time, the traction (front-wheel drive power which 
creep force generates) which creep torque is transmitted to a front wheel and generated is smaller than retreat 
power, and, as for vehicles, begins retreat. Both of the hand of cut of an order ring are retreat directions, and 
number of rotations is the speed in the field which does not produce the slip of a front wheel. Since there is no slip 
with a road surface, the vehicle speed can be presumed from the revolving speed of a wheel. 

[0037]Therefore, the hand of cut of an axle before and after inputting from the rotation sensors 56A, 56B, 58A, and 
58B in a retreat direction. Revolving speed is equal, and when the gear position information inputted from the gear 
position detector 25 is a drive range (D), it can judge that the vehicle running condition changed into the rollback 
state. When the clutch is connected in the manual shift and the gear is contained in advance, A state equivalent to 
the drive range in an automatic transmission is detected, and since it can distinguish that it is in the state where 
engine torque is transmitted to the wheel, it can distinguish that it is in a rollback state from the hand of cut of an 
axle, and revolving speed. 

[0038]Next, in Step s20 of drawing 3 , GCU60 computes the electric motor driving torque which is needed 
corresponding to the run state judged at Step s10. Next, in Step s30, GCU60 computes the voltage command value 
to the dynamo 44 for a drive, and outputs it to the dynamo 44 for a drive so that the computed electric motor 
driving torque may be acquired. The dynamo 44 for a drive performs feedback control inside so that output voltage 
may become a command value, and it outputs the output voltage V to the direct current motor 30. With this voltage 
V, the real torque of the direct current motor 30 is inputted into the rear wheel 36, and serves as a form out of 
which actual wheel speed comes, and feedback control of the whole system is performed. 

[0039]For example, in order to amend a rollback if GCU60 distinguishes a rollback state as shown in drawing 5 , it will 
be in the state where the electric motor has generated torque, as [ show / in drawing 6 ] by calculating the torque 
and the number of rotations which an electric motor generates, and outputting a command value. As for the driving 
state, the driving force from an engine is transmitted to the front wheel, and this state serves as start torque, when 
the creep torque which will be generated by the time a driver takes off a brake and steps on an accelerator pedal, or 
an accelerator pedal is broken in. With the command value from GCU60, to a rear wheel, the driving force outputted 
from the electric motor 30 is transmitted, and creep force or start power arises as traction in it. 

[0040]When not having stepped on the accelerator pedal, an electric motor is made to generate driving force so that 
the traction which creep torque is transmitted to a front wheel and generated may compensate only the 
insufficiency to retreat power although the driver has taken off the brake. At this time, GCU60 feeds back the hand 
of cut of an order ring, and speed at any time, and adjusts the output of an electric motor. By such control, vehicles 
will stop retreat and will be in a halt condition as a vehicle behavior. That is, by using the electric four-wheelp-drive 
device for vehicles by this embodiment, a rollback state can be controlled and the hill holding function which makes 
vehicles a halt condition can be realized. 

[004 1]A driver takes off a brake, and it becomes start mode, and in the state where the accelerator pedal is broken 
in further, an electric motor raises an output, and gives the further torque in it to a rear wheel. It increases because 
the output from an engine also steps on an accelerator pedal, and as for the hand of cut of an order ring, both serve 
as a forward direction. When a controller adjusts the output of an electric motor, vehicles will be in a starting state, 
so that number of rotations may maintain the speed mostly in the field to which an order ring does not produce a 
slip. 

[0042]Next, the control method at the time of the low mu road slope start using the electric four-wheelp-drive 
device for vehicles by this embodiment is explained using drawing 3 and drawing 7 - drawing 9 . Drawing 7 - drawing 
9_are the explanatory views of the control acton at the time of the low mu road slope start using the electric four- 
wheelp-drive device for vehicles by one embodiment of this invention. 

[0043]In a wheel, a road surface will slip, if mu (coefficient of friction), such as a snowy road, gives torque excessive 
when low to a wheel, mus (coefficient of friction in a low mu road slope) of a road surface and a wheel changes with 
slip ratio, generally slip ratio increases and mus decreases. 

[0044]In Step slO of drawing 3 . GCU60 distinguishes the present vehicle running condition based on the gear 
position information inputted from the hand of cut, the speed, and the gear position detector 25 of an axle before 
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and after inputting from the rotation sensors 56A, 56B, 58A, and 58B. 

[0045]Vehicles are the same as that of the state which showed the low mu road slope in drawing 4 in the state 
where it is stood still by the brake, and since the revolving speed of an axle before and after inputting from the 
rotation sensors 56A, 56B, 58A, and 58B is 0, it can distinguish that vehicles are in a state of rest 
[0046]Next, drawing 7 shows the state when a driver tries to depart on a low mu road slope. When a driver is going 
to depart and brake release and an accelerator pedal are broken in from the state which the brake has worked and 
vehicles have stopped, excessive start torque starts a front wheel from the increase in an engine output. Since 
there is not sufficient mus which tells this excessive start torque to a road surface in the case of a low mu road 
slope, a front wheel may lose traction and may be in a spin state. A front wheel carries out spin, if slip ratio with a 
road surface increases, mus of a road surface will decrease further, and the start power which is traction 
increasingly becomes small. The driving force of the electric motor is not told to a rear wheel at this time. As for 
vehicles, retreat is begun when the start power of a front wheel becomes smaller than the retreat power of 
retreating vehicles (rollback state). The hand of cut of the front wheel at this time turns into a forward direction, 
and a rear wheel serves as a retreat direction. The revolving speed of a front wheel will be in the state of only the 
revolving speed of a wheel for a spin state, and will not link the vehicle speed. Since the rear wheel has not told 
torque, it does not generate spin, either, but the revolving speed of a rear wheel is linked with the vehicle speed. 
[0047]Therefore, the hand of cut of the front axle inputted from the rotation sensors 56A, 56B, 58A, and 58B in a 
forward direction. In the revolving speed of a front axle, in a retreat direction, the hand of cut of a rear axle 
becomes larger than the revolving speed of a rear axle, When the gear position information inputted from the gear 
position detector 25 is a drive range (D), it judges that the vehicle running condition changed into the rollback state 
in a low mu road slope which is carrying out spin. 

[0048]If it is judged as the rollback state in a low mu road slope, in Step s20 of drawing 3 . GCU60 will compute 
needed electric motor driving torque, will compute the voltage command value to the dynamo 44 for a drive in Step 
s30, and will output it to the dynamo 44 for a drive. 

[0049]When GCU60 judges it as the rollback state of a low mu road, it operates an electric motor immediately and 
makes a rear wheel generate driving force, as shown in drawing 8 . Since the judgment of the vehicle speed becomes 
impossible when the revolving speed of a front wheel will not be linked to the vehicle speed, but a rear wheel will slip 
at this time and it will be in a spin state, control which does not become excessive [ the generating torque of an 
electric motor ] is needed. Although the acceleration of the cross direction of vehicles may be detected and the 
vehicle speed may be judged, since vehicles incline, offset goes into the dc component of an acceleration signal. 
Therefore, although what is necessary is to detect only an alternating current component, there is a possibility that 
the detection sensitivity of the vehicle speed may worsen. 

[0050]So, in this embodiment, when the history of the revolving speed of a rear wheel shaft is memorized in a 
memory and revolving speed changes from the history of revolving speed rapidly, it is made to perform control which 
judges that the rear wheel shaft slipped and presses down the output of an electric motor (when the differential 
components of revolving speed become large). Therefore, the rear wheel shaft can generate the maximum driving 
force told to a road surface, the sum of the generative force of a front wheel and the motor assistance power of a 
rear wheel becomes larger than the retreat power of vehicles, and vehicles move forward. 

[0051 ]In the starting state shown in drawing 8 , drawing 9 shows the case where it is going to recover the traction of 
a front wheel. Since road surface mus changes with slip ratio, if slip ratio is decreased, it can increase the driving 
force which gets across to a road surface. When the rollback state of the state which showed in drawing 7 is 
detected, GCU60 recognizes the spin of a front wheel. If the spin of a front wheel is detected, GCU60 will send 
instructions to engine control unit ECU50, will control the electronically controlled throttle 52, will control an engine 
output, and will suppress the slip of a front wheel. It may be made to send instructions to the electronically 
controlled throttle 52 which adjusts an engine output directly at this time. By controlling in this way, the traction of 
a front wheel can be recovered and it can depart more quickly. It is not a throttle which controls an engine suction 
system, and instructions are sent for the brake of a front wheel to the actuator of an anti-lock brake mechanism, or 
a control unit, and it may be made to stop the number of rotations of a front wheel. 

[0052]Although the direct current motor is used as an electric motor in the above explanation, to the rollback of the 
electric four-wheelp-drive device for vehicles, and start control, the form of an electric motor may not be restricted 
to a direct current motor, and an alternating current motor may be sufficient as it. 

[0053]As explained above, according to this embodiment, in an electric four-wheel drive car, a rollback phenomenon 
can be suppressed by distinguishing the run state of vehicles and carrying out drive controlling of the electric motor 
In an electric four-wheel drive car, the start performance in a low mu road slope can be obtained by distinguishing 
the run state of vehicles and carrying out drive controlling of the electric motor. By using the rotation sensor which 
is a sensor of the anti-lock brake mechanism which has spread through a common passenger car as a rotation 
sensor used in order to distinguish a vehicle running condition, it is cheap and a reliable running state detecting 
means can be constituted. 
[0054] 

[Effect of the InventionjAccording to this invention, a rollback phenomenon can be suppressed in an electric four- 
wheel drive car. According to this invention, in an electric four-wheel drive car, the start performance in a low mu 
road slope is obtained. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a system configuration figure showing the entire configuration of the four-wheelp-drive vehicles 
using the electric four-wheelp-drive device for vehicles by one embodiment of this invention. 
[Drawing 2] It is a block diagram showing the composition of the electric four-wheelp-drive device for vehicles by 
one embodiment of this invention. 

[Drawing 3] It is a system block figure of the control system for control of the rollback phenomenon using the 
electric four-wheelp-drive device for vehicles by one embodiment of this invention. 

[Drawing 4] It is an explanatory view of the control action at the time of control of the rollback phenomenon using 
the electric four-wheelp-drive device for vehicles by one embodiment of this invention. 

[Drawing 5] It is an explanatory view of the control action at the time of control of the rollback phenomenon using 
the electric four-wheelp-drive device for vehicles by one embodiment of this invention. 

[Drawing 6] It is an explanatory view of the control action at the time of control of the rollback phenomenon using 
the electric four-wheelp-drive device for vehicles by one embodiment of this invention. 

[Drawing 7] It is an explanatory view of the control action at the time of the low mu road slope start using the 
electric four-wheelp-drive device for vehicles by one embodiment of this invention. 

[Drawing 8] It is an explanatory view of the control action at the time of the low mu road slope start using the 
electric four-wheelp-drive device for vehicles by one embodiment of this invention. 

[Drawing 9] lt is an explanatory view of the control action at the time of the low mu road slope start using the 
electric four-wheelp-drive device for vehicles by one embodiment of this invention. 
[Description of Notations] 
10 — Four-wheel drive car 
20 — Engine 

25 — Gear position detector 

26 — Front wheel 
28, 38 — Brake 

30 — Direct current motor 

31 — Motor field winding 

32 — Clutch 

36 — Rear wheel 

40 — Dynamo for auxiliary machinery 
42 — Accessory battery 
44 — High-output dynamo for a drive 
50 — Engine control unit 

54 — Accelerator opening sensors 

55 — ABS control unit 
56, 58 — Rotation sensor 

60 — Generator output voltage control circuit for a drive 
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